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I . 
SUMMARY 
The objective of the work  reported in th i s  technical memorandum 
was  to  design formats  for  monitoring multiple pa rame te r s  on CRT 
displays. 
viewers  to  see intuitively patterns in  measurement  data, o r  changes 
in pat terns ,  that they might m i s s  i f  the data were  presented in alpha- 
numeric  formats .  
W e  aimed to  develop graphic displays that would enable 
Any display format  ac t s  in a manner  somewhat analogous t o  a 
filter; it makes  some aspect  of the data m o r e  visible and hides other 
aspects .  An engineer needs to  be able to  select  which measurement  
p a r a m e t e r s  he wants to  look at and to  specify what information about 
each parameter  he wants displayed and in what format.  
We reviewed cur ren t  knowledge relevant to  graphical display 
design, and used different principles to  design six formats  differing 
in data transformations and display coding: Ba r  Histogram, Contour 
Histogram, Density Bar  Graph, Strip Chart  F o r m a t s  of Raw Data, 
Moving Estimate.s of the Mean and Moving Estimates of the Standard 
Deviation of the data. 
The interpretabil i ty of the different CRT display formats  was  
evaluated using streams of simulated data with specified charac te r  - 
i s t i c s  that we generated on our in-house computer. 
pendently viewed displays of the simulated data in each of the six 
formats ,  and ranked r;he formats  according to  their  value for  detecting 
t h r e e  kinds of d i s t u b a n c e  to  the data; a step change in  the mean, a 
r a m p  change in the mean,  and a change f rom a single to a bimodal 
distribution, 
a CRT display in each format  for  every disturbance. 
Six judges inde- 
Every judge viewed the equivalent of fifteen updates of 
The differences among the summed rank values given by the six 
judges to  the formats  were  found to be statist ically highlv - .  significant 
and could not have been due to chance. 
The Str ip  Chart  Format of a moving est imate  of the mean was  the 
best. 
Contour Histogram, Density Bar  Graph, and Str ip  Chart  Format  of 
Then the Bar  Histogram, Strip Chart  Fo rma t  of the raw data, 
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moving est imate  of the standard deviation were  ranked next in that 
order .  Fo r  detecting a change from a single to a bimodal dis t r ibu-  
tion the Str ip  Chart  Fo rma t  of the moving est imate  of the mean and 
the Bar  Histogram were  again ranked f i r s t  and second, respectively. 
But in this  ca se  the Str ip  Chart  Format  of the moving standard devi- 
ation was  judged to  be bet ter  than the Str ip  Chart  Fo rma t  of the raw 
data values .  
The Histogram and Density Bar  Graph Forma t s  were  based on a 
temporary  s tore  of one hundred most  recent  data samples  and were  
updated every  ten new data samples.  
Fo rma t s  of the moving est imates  of the mean and standard deviation 
were  based successively on the ten most  recent  data samples  and re- 
computed every  new sample. 
additional programming effort required to  expand the Saturn V display 
capability to  provide the equivalent of the formats  developed in  this  
study. The presentation of moving est imates  of the mean and standard 
deviation of test measurements  would requi re  minimal  additional pro-  
gramming, while the provision of temporary s torage for generating up 
to  twenty Histogram and Bar  Graph Forma t s  simultaneously would 
requi re  approximately 70 man-weeks programming effort, and the 
addition of a 4000 words memory  module to  $be DDP 224 computer 
system. 
In contrast ,  the Str ip  Chart  
An evaluation was  undertaken of the 
I. INTRODUCTION 
Prelaunch checkout engineers need to monitor data f rom many t e s t  
points simultaneously. 
obtain as complete an understanding a s  possible of the performance of 
their  sys tems under t e s t  conditions. They must  verify the performance 
and s ta tus  of their  sys tems and s t r ive to  detect  any unusual responses  to  
the test st imuli  that  might possibly indicate a n  impending failure.  Tes t  
data f r o m  individual support systems (e. g . ,  propellant loading) are r e -  
corded and displayed current ly  a t  many separa te  consoles and r acks ,  and 
even in  different rooms of the launch complex. 
vehicle sys t em a r e  a l so  supplied to many separate  displays on severa l  
racks  o r  consoles for  each system. 
a r e  a l so  provided with CRT displays on which they can call  up data f rom 
many previously specified t e s t  points. 
nee r s  with a valuable capability for monitoring measurement  data f r o m  
multiple t e s t  points at a single location. 
They need multiple sources  of information to  
Tes t  data f rom each space 
But the Apollo/Saturn tes t  engineers 
These CRT displays provide eng- 
The CRT displays present  instantaneous values of sampled measu re  - 
ment data in  alphanumeric tabular formats  and have an  appearance some-  
what similar to a r r a y s  of multiple digital readout devices. Unfortunately, 
rapidly changing values in  the right-hand column of such digital displays 
provide indications of changing values that a r e  difficult to interpret .  This 
difficulty is  probably due mainly to  the burden that changing digital values 
impose on a viewer 's  sho r t - t e rm memory,  i f  he is to derive information 
on ra te  of change, changes in ra te  of change, o r  even on direction of 
change in  measurement  values. Consequently, i f  the ACE -S/ C and Saturn V 
CRT displays present  data in  only tabular formats  they a r e  likely to be 
used i n  pract ice  m o r e  a f te r  the fashion of warning displays (that blink 
when a parameter  exceeds some "red-line' '  value) than a s  continuous 
monitor a ids  to help detect and interpret  any ususual s ta tes  o r  conditions 
that are beginning to  develop. 
The objective of the present  task was to design formats  for CRT displays 
that wil l  help a n  engineer - detect quickly any systematic  changes in the 
values of any two to  six selected measurement  pa rame te r s  more  o r  l e s s  
as they occur ,  and observe any changes in  relationships among the s e -  
lected pa rame te r s  during tes t s .  
Our approach to this problem w a s  to explore the feasibility of designing 
displays that organize and t ransform measurement  data into easi ly  under - 
stood graphical representations o r  data "pictures. " Different principles 
were  used to design these graphic displays, so  that we could explore and 
evaluate the effect of different data transformations and display coding 
on the interpretabil i ty of the displays. 
The second section of this report  reviews knowledge relevant to 
graphical display design: the l i terature  on human perception of graphic 
pat terns ,  human engineering design guides, and cur ren t  pract ice  in de-  
signing displays,  panels and consoles. This review of background knowl- 
edge on display design forms the basis for our  present  approach to  CRT 
format  design that is descr ibed i n  Section 111. Section IV descr ibes  the 
new display concepts and their  demonstration and evaluation as aids in  
detecting anomalous data and new relationships among measurement  
pa rame te r s .  The data processing implications of providing these new 
graphic display capabilities with the ACE-S/C and the Saturn V display 
sys t ems  are considered in  Section V. 
tions constitute Section VI. 
Our conclusions and recommenda-  
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11. RELEVANT KNOWLEDGE 
Man has the ability to organize his visual world into objects and forms 
that differ along a grea t  many dimeiisions of sensation, e. g. , color,  bright-  
nes s  orientation, s ize ,  texture ,  shape, etc.  He has  always a natural  
tendency to attempt to  s t ruc ture  his field of view into shapes o r  pat terns  
some meaning to his visual surroundings. 
pat terns  and relationships is a n  aspect  of perception that is little under- 
stood, and consequently is an ability that man finds most  difficult to s imu-  
la te  with computer sys tems.  Graphic representations of measurement  data 
attempt to encode information in ways which will enable viewers to  p e r -  
ceive intuitively relationships and patterns in the underlying data,  that they 
might miss i f  the data were  encoded alphanumerically. 
?,?:-"c - ..-- c,,, L - - l  -I-^.___ 2 -.-A 2 . .  L1 :- - -.-. L -  . - t ; - ~ I ~ u ~   I A L u A c  u A i ; L u - C u A  uaLAgjuuuIlu, aiiu 111 ~ 1 1 ~ 3  w a y  LU LCleri i i fy  01 g i v e  
Man's ability to recognize 
The l i t e ra ture  on visual pat tern and shape perception was reviewed in  
the hope of extracting principles that could be used to  design data displays. 
Much of this r e sea rch  has  been theoretically oriented and directed towards 
testing general  theories  of perception and memory (5). Investigators have 
used a var ie ty  of shapes and patterns to  explore the effects of variously 
degraded viewing conditions on pattern detection, discrimination, identifi- 
cation, recognition o r  reproduction. 
Surprisingly l i t t le attention has been paid to defining and quantifying 
the shapes o r  pat terns  used in  these studies ( * ) .  
set of st imulus mater ia l  can r a re ly  be generalized to  a broader  selection 
of different  shapes o r  patterns.  
m e a s u r e s  o r  t e r m s  to  define shapes o r  pat terns  is that shape is not a 
single st imulus dimension; it is multi-dimensional, and the number of 
dimensions needed to  descr ibe a shape a r e  not constant but increase  with 
the complexity of the figure. Complexity, f igural  symmetry ,  rotation, 
and compactness a r e  character is t ics  of pat terns  that have been reliably 
related to perceptual performance (3) .  
and different tasks  have been used in r e sea rch  on the perception of 
pa t te rns ,  but evidence shows repeatedly under a variety of c i rcumstances 
i 'n~~ci obse rve r s  have a remaricabie ability to detect a pat tern o r  d i sc r imi -  
nate among seve ra l  pat terns  despite severely degraded viewing conditions, 
dis tor t ions a n d / o r  the presence  of i r re levant  st imuli  (13). Discrimination 
between similar but different component forms  i n  a complex pat tern is 
accomplished most  reliably when the forms  differ in  brightness.  
orientation of the l ines in  the component figures is the most  powerful 
single geometr ic  aspect  that  enables an  observer  to discr iminate  between 
them ( 2 ) .  
Findings based on one 
One reason for the lack of general  
Many unique stimulus conditions 
The 
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Findings f rom visual perception r e s e a r c h  have been used and interpreted 
in various human engineering design handbooks ( 7 9  12) as guidelines for  the 
design of symbolic and pictorial  displays, e. g . ,  warning indicators,  m e t e r s ,  
r eco rde r s ,  flight instruments  and CRT rada r  displays. 
tend to be writ ten in  t e r m s  of individual electromechanical s ca l a r  and 
digital display devices o r  CRT displays used for  detection and tracking 
tasks.  On the other hand, guidelines for arranging individual displays 
on a panel to facilitate check reading for ahnnrm-a1 ~ r a 1 i ~ p c  nr  r e l e t i s z s h i p s  
among severa l  pa rame te r s  can be used as guidelines a l so  for formatting 
measurement  data f r o m  severa l  sources  on a single CRT display. 
Such guidelines 
F o r  example, the handbooks recommend that m e t e r s  be arranged in 
rows i n  such a way that all their  pointers a r e  horizontal when all the 
measurement  values a r e  normal. 
a c r o s s  the a r r a y  of me te r s  and can immediately detect  any pointer that  
is not horizontal. 
A viewer scans naturally and easi ly  
The recommended arrangement  of m e t e r s  c rea t e s  a compound display 
i n  which measurement  values are in effect coded by the orientations of 
line segments  a r ranged  to f o r m  a single horizontal line. 
value causes  a change in  orientation of a line segment that contrasts  with 
the uniform orientation of the other line segments.  To follow the general  
guidelines of the handbook recommendation, formats  for CRT displays 
should encode and a r r ange  measurement  values s o  that normal  readings 
constitute a uniform pat tern of symbols against  which the symbol for an 
unusual value will stand out i n  sharp contrast .  
A non-normal 
The usual me te r  type display provides a viewer not only with a c l ea r  
indication of the instantaneous readings of some measu re ,  but indications 
of the direction and ra te  of change in measurement  values. Meters  pro-  
vide an opportunity for viewers to  discriminate between normal  pat terns  
of movement of the pointers and any unusual movement o r  sequence of 
movements. A m e t e r  type display is  a r ich source of information that 
provides indications of both instantaneous and derivative measurement  
values ( 9 ) .  
a n  engineer can l e a r n  a grea t  deal about the charac te r i s t ic  variations i n  
continuous meaaurem-ent vall~e s cr the characterist ics cf 2 sarr,r;?ed data 
stream. 
m e t e r ) ,  but in a permanent f o r m  that can  be viewed contemporaneously, 
and at any subsequent t ime. 
By paying close attention to  the movements of a me te r  needle 
Pen  r eco rde r s  a l so  provide a r ich source of information (like a 
-4- 
The fact  that  Apollo/Saturn prelaunch checkout engineers require  that 
data displayed in  CRT page formats  should a l so  be presented on m e t e r s  
and r eco rde r s  emphasizes  the relatively g rea t e r  re l iance they now place 
on these la t te r  devices for  obtaining as complete a picture as possible of 
the s ta te  and performance of their  systems.  
Before CRT displays can become equally r ich sources  of information 
about system performance m-easiiyes, 
ei ther  selectively or simultaneously: 
h e  r,zpab?e of pr~-;i&n- 1 ----- i5 
1. 
2. 
3. 
4. 
Simple pat tern indications of normal  measurement  values. 
Direct  indications of the normal  variability of each measu re -  
ment parameter .  
Sensitive indicators of when and how the mean of a data 
s t r e a m  is shifting. 
Direct  representations of changing relationships among 
the pa rame te r s  selected for  display. 
The approach described i n  the next section outlines a rationale for 
the new display format  concepts that we have developed in an  attempt to  
provide the capabilities l isted above. 
-5- 
111. APPROACH 
Displays of tes t  data a r e  not necessary to a n  engineer i f  he knows in 
advance the exact charac te r i s t ics  of the data s t r e a m s  he is monitoring 
and of the disturbances he is interested in  detecting. 
~ t ~ t i s t i c ~ l  m e t h ~ c !  f ~ r  ~zrr,;=!ing the d a t a  Ziid fii-i tcs t iug clil'ierences berween 
the samples  that will detect  and identify disturbances to  the data stream 
more  effectively than he can by looking a t  displays of the data ( l l ) .  But 
the power of such s ta t is t ical  t e s t s  depends on their  specificity o r  appro-  
pr ia teness  to  the data sampled. Rarely does an  Apollo/Saturn prelaunch 
checkout engineer have such exact knowledge about his  data before testing. 
He can select  a 
Usually, a t e s t  engineer has only a general  idea of the charac te r i s t ics  
In these circumstances a n  engineer needs on oppor- 
of the tes t  data and of the probable o r  cr i t ical  types of disturbance that he 
might have to  detect. 
tunity to  l ea rn  all he can about the character is t ics  of the data he is 
collecting. He should therefore  be able to monitor the test data on d i s -  
plays that a r e  r ich  in information; this means that he should have a capa-  
bility for  looking at the data displayed i n  a number of different formats .  
Any display format  and coding method ac t s  i.n a manner somewhat analogous 
to a f i l t e r ;  it renders  some aspec ts  of displayed data m o r e  "visible" and 
tends to  hide other aspec ts  o r  information. 
different data  s t r e a m s  , an  engineer may want t o  see the shape of the d i s  - 
tribution of a sample of data,  i ts  mode and range, have a n  est imate  of its 
mean and var iance,  or see how cer ta in  pa rame te r s  of the data change in  
re la t ion to each other ,  to s imi la r  parameters  of other data s t r e a m s ,  and 
a l so  Over t ime. Certain formats  display these different kinds of informa- 
tion m o r e  effectively than others.  
At different t imes ,  o r  for  
In o r d e r  that  our new display format concepts shal l  provide an  "on-line" 
monitoring capability, we have assumed that they a r e  based on regular ly  
updated samples  of the data s t r e a m  held temporar i ly  in s torage for a 
uniform length of t ime. As new data en ter  the temporary  s to re  an  equal 
number of the oldest data samples  leave it on a "first in ,  first out" basis.  
The tempi-a-iy S i O r t :  ur' data sampies can be thought of as an  open ended 
"pipkline" into which new data flows a t  one end and old data flows out at 
the s a m e  ra te  a t  the other end. 
Data in  the "pipeline" can be manipulated and displayed in a var ie ty  
of ways ,  for example, coded and displayed direct ly  as a s e r i e s  of values 
plotted against  t ime,  rear ranged  into a n  ordered  s e r i e s  of values and 
- 6 -  
displayed as indicators spaced on a l inear  measurement  sca le ,  counted by 
c l a s s  intervals  and displayed as a frequency his togram, o r  processed  to  
obtain changing es t imates  of the data 's  mean, var iance,  other s ta t i s t ica l  
moments o r  t ime derivatives.  
The s ize  of the temporary  data s to re  and the proportion of data samples  
updated at one time should be determined in  relation to  the rate at which 
each test point is sampled. 
rate authorized for  each test point w a s  based on p r io r  knowledge of the 
probable variabil i ty in  the data f r o m  that point. If a t e s t  measurement  
pa rame te r  of a sys t em were  stable,  it might for  example be assigned a 
sample ra te  of one p e r  second. In this ca se ,  the temporary  s torage of 
data  necessary  for  genqrating a meaningful display might be as small as 
twenty samples .  
sample ra te  of 10 o r  100 pe r  second, the temporary  s to re  might have to  
be as long as 100 to  200 samples  respectively to achieve a reasonably 
stable picture of the data s t ream.  In the one sample p e r  second case ,  
we should have a completely new se t  of data in  the "pipeline" every  20 
seconds,  and in  the second sample,  e i ther  every  10 o r  2 seconds. 
We s a y  this on the assumption that the sample 
On the other hand, for  data f rom a test point with a 
A basic  concept underlying our  approach to designing formats  that  
will enr ich  the Apollo/Saturn prelaunch checkout sys t ems '  CRT displays 
is that an  engineer should have the capability of selecting what measu re -  
ment p a r a m e t e r s  he wishes to look at ,  and of specifying what information 
about each parameter  he wants displayed and in  what format.  
- 7 -  
IV. MEASUREMENT DATA DISPLAY FORMATS 
A. General  
An engineer will be interested mainly i n  three  kinds of information 
f rom each t e s t  point: (1) t rends  i n  the data over  t ime,  ( 2 )  correlatiaea 
between the data f rom two o r  more  pa rame te r s ,  and (3)  the frequency 
distribution of measurement  values within each data s t r eam.  
an  engineer may want to  see  t rends not only in the data samples ,  but a l so  
in  their  moving averages  and moving var iances  as these are computed 
successively,  and perhaps,  a l so  the density distribution of the first 
derivative of the values as well  as of the values themselves.  The utility 
of derivative information for  comprehending the physical p rocess  under - 
lying the recorded test data a r e  discussed i n  a companion r epor t  ( l l ) .  
Fur the r ,  
The formats  that we considered a r e  all position coded and sca l a r  i n  
the sense that the values o r  numbers of r a w  o r  processed data samples  
are displayed as the positions of points o r  l ines in relation to a scaled 
ver t ical  and /o r  horizontal axis. 
for  generating display formats  that  make use of brightness coding, we 
have a l s o  explored conceptually the merits of a format  that uses  the 
variable brightness of each datum point as an  indication of the length of 
t ime it has  been in the temporary  store.  With this additional coding 
dimension it is possible,  for example, to add "time" information to the 
data points a r ranged  in  an ordered s e r i e s  of measurement  values. 
concept of a "fading t race"  b a r  graph format ,  in  which measurement  
indications lose their  brightness with t ime,  is among the formats  
descr ibed.  
Although we did not have the capability 
This 
The concept of a selective display capability by which an engineer 
can  ca l l  up six o r  so pa rame te r s  for simultaneous viewing constrains ,  
to some  degree ,  our  f reedom in  formatting the displays of each individual 
data  s t r e a m .  
the s ignal  data s t r e a m s  should be presented in  the same format.  
mats tha t  re la te  data f rom each sourre to a vertical s c d e  (e. g., densityy 
b a r  graph)  should be a r ranged  side by s ide on the CRT s c r e e n  so that  
comparisons among them can be made with a horizontal scanning (eye) 
movement. 
at the top of the screen .  The perception of the relative values of each 
p a r a m e t e r  i n  these displays involves a n  appreciation of the relative 
One constraint  is that the same information about each of 
F o r -  
Scales should have low values at the bottom and high values 
-8- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
D 
"heights" of indications on each scale. 
can be checked most  easi ly  if their  ver t ical  scales a r e  chosen and adjusted 
so that  "normal" values on each scale a r e  aligned horizontally a c r o s s  the 
screen .  
no-go limits with the top and bottom of the CRT s c r e e n  and to view the 
indications as ver t ical  "meters"  for close -to -limit indications. 
Relationships among pa rame te r s  
Finally,  it may prove desirable  to align the upper and lower 
Forma t s  that graph the distribution of values i n  each of s eve ra l  data  
s t r e a m s  should present  the graphs one above the other  so that the modes 
of each distribution of values are approximately aligned vertically. 
such a format  the measurement  c lass  intervals  a r e  on the horizontal axes. 
P e r c e  tion of detail  is most  accurate  when the eye scans  f rom left to 
right 6) probably as a resu l t  of well-established reading habits,  and in-  
formation is extracted f rom histograms bet ter  when the b a r s  o r  columns 
of frequency values a r e  drawn vertically than horizontally ( l o ) .  
are accustomed to reading multipen r eco rde r s  which display the values of 
s eve ra l  pa rame te r s  as the positions of t r a c e s  to e i ther  side of t ime lines 
running the length of the recording paper.  
In 
Engineers 
These r eco rde r s  a r e  usually mounted so that the t ime axis is 
ver t ical ,  the pens a r e  at the top of the display and move horizontally 
f r o m  left to  right. 
pose for  the CRT display should also run f r o m  top to bottom of the s c r e e n  
with the measurement  sca les  running f r o m  left  to right. The most  recent  
values that enter  the pipeline a r e  read at the top of the display and the 
oldest  at the bottom, i. e . ,  new values appear  a t  the top of the display, 
p rog res s  down the s c r e e n  and disappear at the bottom. 
between different pa rame te r s  in  a s t r ip  char t  format  a r e  made by scanning 
the display horizontally. 
The time t r a c e  of a s t r i p  char t  format  that  we p ro -  
Comparisons 
B. F o r m a t  Concepts 
W e  have explored the value of the following formats  for detecting and 
identifying various kinds of disturbances in  different data s t reams:  
1. Frequency his tograms (plotted as ver t ical  b a r s  and 
contours) . 
2. Str ip  char t s  of raw data,  moving means and moving 
standard deviations. 
3. Density b a r  graphs.  
4. Fading t r a c e  b a r  graphs.  
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1. Frecluencv Histogram 
Measurement values are encoded as positions in  reference to  a 
horizontal scale  that is gradated in values represent ing the limits of 
successive c l a s ses  of values. All values falling between two adjacent 
interval marks  on the scale  are plotted vertically one above the other  
over the center of the c l a s s  interval. 
falling in each c l a s s  interval i s  read f rom a ver t ical  scale.  Since indi- 
cations of measurement  values falling i n  each c l a s s  interval  a r e  plotted 
one above the other,  the number of values in  each c l a s s  is read  against  
the ver t ical  scale  as the height of the indications above the horizontal 
axis. 
(when plotted as a histogram) can be perceived as the shape o r  outline 
formed by the heights of the columns of indications above the horizontal 
axis. The mode and range of the distribution are immediately apparent 
f rom the maximum height and the extreme c lass  interval  values of the 
histogram. 
ceived as a change in the shape of the histogram. The his togram format  
can show ei ther  all the data points in each c l a s s  interval o r  only the final 
values in  each interval.  The former  is re fer red  to as a ba r  type histo- 
g ram,  the la t te r  as a contour histogram. 
plots of 100 samples  of data f r o m  a simulated source  with a mean value 
of 28, and a standard deviation of 0. 6667 units. 
The number of measurement  values 
The frequency distribution of measurement  values in  a data s t r e a m  
Changes in  a s t r e a m  of data being monitored can  be p e r -  
Figure 1 shows the his togram 
2. Str ip  Chart  
Successive data samples  a r e  displayed as the positions of 
indications i n  relation to a horizontal scale  of measurement  values and 
to a ver t ica l  time scale  that indicates their  "age. I '  As a new value 
appea r s  at the top of the display, all values a r e  displaced down the 
s c r e e n  one unit on the time scale  and the oldest value 
disappears .  
of measurement  values. 
as these  occur ,  this display format  can a l so  present  changing s ta t is t ics  
of the data  s t r e a m ,  such as moving means and standard deviations. The 
degree  of "smoothing" achieved with these s ta t is t ics  depends on the 
numbers  of samples  on which the successive computations of each 
statistic are based. 
F igure  2 shows the simulated data that a r e  plotted as his tograms i n  
F igure  1; Figure 3 char t s  moving est imates  of the mean and the standard 
deviation of the same data. The est imates  of the mean and standard 
deviation a r e  based on successive samples of 10 data points. 
at the bottom 
The effect is to paint a t ime t r ace  of successive samples  
In addition to plotting individual data samples  
Figures  2 and 3 i l lust rate  the strip char t  format.  
'" 10 - 
t 
1 - B  
a 
* rc * *  
Figure  1. Computer printout: One hundred examples 
of simulated measurement  data in  (A) B a r  
Histogram and (B) Contour Histogram f o r -  
mats 
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Figure 3.  Composite computer printout: Moving e s t i -  
ma tes  of (A) the s tandard deviation, and (B) 
the mean of samples of simulated measu re -  
ment data (see raw data in  Figure 2). Es t i -  
mates  a r e  based on successive samples of 
ten  data points, 
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I 
3. Density Bar  Graph 
The samples  of data i n  the "pipeline" a r e  displayed as the positions 
of indications on vertically oriented sca les  of measurement  values. 
interval  s ize  is selected fo r  each scale such that the data points a r e  d i s -  
tributed over approximately at least  one-third of a scale .  
the data in  the "pipeline" is immediately apparent.  The modal values 
can be judged reasonably accurately as the center  of the pa r t ( s )  of the 
scale  about which most  indications a r e  clustering. On a CRT display pa r t s  
of a scale  about which many indications a r e  c lustered will appear  denser  
than pa r t s  of the scale  with few indications. 
distribution, the mode will  be at  the center  of the densest  pa r t  of the '  
scale.  
up-dates of the 100 data points in  a simulated "pipeline" s tore .  Each 
horizontal b a r  ( three shor t  l ines) indicates that  data with the indicated 
value are present  i n  the "pipeline. " A bar  gives no indication of how 
many samples  there  a r e  with this one value. 
An 
The range of 
If the data s t r e a m  has a normal  
Figure 4 reproduces a number of density b a r  graphs of successive 
-
4. Fading Trace  Bar  Graph 
This format  is a variant of the Density Bar  Graph, but includes 
The measurement  value indications of an  additional display dimension. 
the data  are related to a ver t ical  scale as in  the previous fo rma t ,  but they 
a r e  a l s o  "tagged" with a n  indication of the "age" in  the pipeline. 
values a r e  indicated on the CRT with maximum brightness but the br ight-  
ness  level  of all indications decreases  with time. 
are related 1ogarithmi.cally in  that  brightness dec reases  most  rapidly at 
first and progressively l e s s  for each older datum in  the pipeline. 
this additional coding dimension is available, a n  engineer,  monitoring 
data during an  automated tes t ,  should be able to detect  very rapidly 
whether the new data were still drawn f r o m  the same population of values 
as before o r  f rom a new population. 
New 
Brightness and t ime 
Where 
C. Demonstration and Evaluation 
W e  had hoped to use records  of data f rom actual prelaunch checkout 
t e s t s  in our  experimental  evaluations of the interpretabil i ty of the different 
CRT display formats .  
in-house computer to generate s t reams of simulated data with specified 
means ,  variances and disturbances.  
This was not possible;  and so  we used instead our  
W e  used two random number generators  to produce two s t r e a m s  of 
One s t r e a m  data  values distributed normally about a mean value of 28. 
-14- 
Figure 4. Computer printout: Density Bar  
P-..*-L Frrr - -4 .  - . . ~ " ~ . . . + - 4 . ; ~ . . m  -z 
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one hundred samples  of data; each 
successive presentation includes 
t en  new samples of data. 
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t 
of values (Stream A) had a standard deviation of 0. 66, the other  (S t ream B) 
had a standard deviation of 1. 33. We a lso  generated four c l a s ses  of d i s -  
turbances:  s tep  changes in the mean (equal to two and three  standard de-  
viations);ramp changes i n  the mean of differing slopes (equal to  0. 2 and 
0 . 6  standard deviation increments  to the mean for each updating of the 
data in  the simulated "pipeline"); changes in  the distribution of data 
entering the "pipeline" f rom normal  to rectangular,  log normal  and bi-  
modal; and changes i n  the variance of the data stream (Stream A to  B and 
St ream B to A). 
W e  assumed for the purpose of our simulation that the data s t r e a m s  
were  f r o m  a t e s t  point that was being sampled at a ra te  of ten  times per 
second. 
and assumed a display update ra te  of once per  second. 
in  o r d e r  to simulate on our pr in te r ,  the successive updates of the CRT 
display every  second, we produced successive plots of the data in  the 
"pipeline" for every ten new data samples that entered i t .  This meant 
that  a s tep  change in  the mean of the data s t r e a m  took ten plots o r  s imu-  
lated CRT f r ames  to be completely represented (i. e.  
samples  f r o m  the fo rmer  data s t r e a m  with samples  f r o m  the new data 
s t r e a m ) .  Each new his togram o r  bar  graph was printed on a separa te  
page. 
his togram of data S t r eam B (with the 1. 33 standard deviation) occupied 
two thirds  of the horizontal ax is ,  so  that the values on the horizontal 
axis ranged f rom 24 to 36 units,  and the density bar  graph for  the same 
data occupied the lower two thirds  of a ver t ical  scale .  The s t r i p  char t  
formats  for  the sample data values,  the moving mean and moving var i -  
ance values of the data presented in the other fo rma t  displays were  plotted 
separately and continuously. 
CRT s c r e e n  and scaled to permi t  a viewer to see  100 data points had to 
be moved over the pl.ot to  simulate a changing t r a c e  on a CRT display. 
The horizontal scale  for the s t r ip  char t  format  was varied so that the 
raw data  samples  and the mean and variance values occupied approxi- 
mately one third of the scale  range. 
We selected a "pipeline" length of one hundred data samples ,  
This meant that  
to replace all 
The sca le  factors  for  the printouts were  selected so  that the 
An open rectangular mask  representing the 
W e  evaluated the interpretabil i ty of the different  formats  by having 
six judges independently view displays of simulated data (Stream- A )  i~ 
each  of six formats ,  and rank the formats according to their  value for 
detecting each of th ree  kinds of disturbance to the data s t r eam.  
change i n  the mean of 1. 333 units, a r amp  change that increased the 
mean  0. 1333 units every  ten  samples ,  and a change f rom a single to a 
bimodal distribution, with half the data having a new mode of 30, and 
half the old mode of 28. 
A step 
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These three  disturbances were  selected f r o m  among a total  of eight, 
which we generated in  the sample data f r o m  our  computer,  because they 
were  judged to be the more  difficult to detect. Pre l iminary  evaluations 
indicated that the relative difficulty of detecting these three disturbances 
(under the conditions of our simulation) enabled viewers to rank the six 
formats  most  confidently. With more obvious disturbances to the data ,  
viewers could not rank the formats  in relative value. The disturbances 
were  presented in  counter -balanced sequences to a l ternate  judges,  and 
every judge was presented the formats  in  different sequences (according 
to prepared  random s e r i e s  of numbers 1 to  6). 
Every  judge viewed the equivalent of 15 updates of a CRT display, 
i. e .  I 250 data points, in  each format for every disturbance. Each 
judge looked at all six formats  twice before  ranking them according to 
the ease  in  detecting a disturbance to the data s t ream.  (In the case  of 
the change f rom a single to a bimodal distribution only four formats  
were  used. ) W e  
assumed that the relative values of the formats  for  detecting d i s -  
turbances would be independent of the number of s t r e a m s  of data displayed. 
The changes in the appearance of the ba r  his togram format  presentations 
result ing f rom a s tep change in  the mean of the data s t r e a m  by two s tan-  
dard  deviations (i. e. : by 1. 333 units) a r e  shown in  Figure 5. The first,  
third,  and fifth updates of the display following the change a r e  r ep ro -  
duced. The same data a r e  shown also in density b a r  graph format  in 
Figure 6. 
The judges viewed only one data stream a t  a t ime.  
The rankings that the judges gave the formats  for detecting each 
disturbance are l is ted i n  Table 1, a s  well  a s  the sums of ranks for  each 
format ,  and an  overall  rank based on these summed ranks.  The differ-  
ences among the summed ranks for  the formats  were  tested for s ta t is t ical  
significance (by the use of Fr iedman 's  two-way analysis of variance for  
ranked data). In every  case  the differences were  highly significant and 
could not have been due to chance. 
e i ther  a s tep change o r  a r a m p  change in the mean of a data stream the 
s t r i p  c h a r t  format  of a moving estimate of the mean was the bes t ,  and 
the s t r i p  char t  format  of a moving estimate of the standard deviation was 
the wors t .  
were  second and third,  and contour histogram and density ba r  graph 
fourth and fifth in that o r d e r ?  although the difference between the summed 
ranks of the last two formats  for detecting a s tep change in the means 
was very small. 
Table 1 shows that f o r  detecting 
The bar his togram and the s t r i p  char t  of the raw data v a 1 i ~ r  
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Figure 5. Examples of the first, th i rd  and fifth 
"updates" of data in a Bar  Histogram 
format  following a step change in  the 
mean of the data s t ream.  
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Figure  6. Examples of the first,  th i rd  and fifth 
"updates" of d;ata in  a Density Bar  Graph 
format  following a s tep  change in  the 
mean of the data stream. 
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Table 1. Ranks of each format for  detecting disturbances 
to a simulated data s t r eam.  
Type of Judge 
Disturbance No. 
A. Step 1 
Change 2 
in  3 
Mean 4 
5 
6 
B. Ramp 1 
Change 2 
in  3 
Mean 4 
5 
6 
C. Single 1 
to  2 
Bimodal 3 
Change 4 
in  5 
Distribution 6 
F o r  mats 
Bar  Contour Density Strip Chart(  s)  
Histogram Histogram Bar  Graph X x 0 
2 
3 
2 
4 
3 
1 
15 
-
(2) 
2 
3 
2 
4 
2 
2 
15 
-
(2) 
3 
4 
2 
1 
3 
1 
14 
-
(2) 
3 
4 .5  
3 
5 
4 
5 
24. 5 
(4) 
- 
4 
4 
4 
5 
1 
5 
23 
-
(4) 
- 
- 
- 
- 
- 
- 
5 
4. 5 
6 
3 
5 
2 
25. 5 
- 
(5) 
5 
5 
6 
3 
6 
4 
29 
(5) 
-
- 
- 
- 
- 
- 
- 
4 
2 
4 
1 
2 
4 
17 
-
(3)  
3 
2 
5 
2 
3 
3 
18 
-
(3) 
4 
1 6  
1 6  
1 5  
2 6  
1 6  
3 6  
9 3 5  
(1) (6)* 
1 6  
1 6  
1 3  
1 6  
4 5  
1 6  
T32 
(1) (6)* 
1 2  
2.5 1 2. !  
3 1  4 
3 2 4  
4 2 1  - --  3 2 4  
20. 5 11 14.! 
%;The numbers  i n  parentheses  a r e  the rank values of t h e  siim-m-erl rarik valups 
of all six judges. 
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I The s t r ip  char t  of a moving estimate of the mean and the b a r  
his togram were  again ranked first and second for  detecting a change 
f rom a single to a bimodal distribution. 
char t  format  of the moving standard deviation was judged a m o r e  
sensitive index than the s t r i p  char t  format of the raw data values. 
But in  this ca se ,  the s t r i p  
D. Discussion 
The fact  that  our judges found the s t r ip  char t  format  of a moving 
est imate  of the mean the bes t  format for detecting a change in  mean is 
not surpr is ing.  It provides a direct  index of the pa rame te r  of the  3ata 
s t r e a m  that was changed. A new estimate of the mean of the data was 
generated and displayed in  the s t r ip  char t  format  for every new data 
sample.  In our simulation, since the estimate of the mean was  based 
on successive samples  of ten  data points, about th ree  samples  of data 
f r o m  the new s t r e a m  were  needed to produce a perceptible change f rom 
the es t imates  of the mean when all the data were  drawn f r o m  the original 
s t r eam.  
this should be detected with this format  in  about 0. 3 second. In general ,  
the s i ze  of a perceptible change i n  the estimated mean with each new 
datum depends upon the number of points used to  compute the est imate ,  
the variabil i ty of the data  s t r e a m ,  the s ize  of the disturbance to the 
mean of the data s t r e a m ,  the s ize  of the display sc reen  and the scale  
fac tors  of the two axes in  the format. 
Assuming a sample ra te  of 10 pe r  second, a change such as 
In contrast ,  the his togram and density b a r  graph formats  were  based 
on the temporary  s torage of one hundred most  recent  data samples  and 
were  updated every  ten new data samples.  Consequently, i f  we assume 
that one third of the displayed data had to be new i n  o r d e r  that  a small 
disturbance be detected, thir ty  new samples  would be needed to produce 
a c lear ly  perceptible change to the his togram o r  density bar graph fo r -  
mats. 
update ra te ,  we would expect to detect such a disturbance in  three  
seconds with a his togram format.  Clearly,  the above comparison 
between the derived t imes  for detection with the his togram and s t r ip  
c h a r t  formats  is valid only for the conditions in  our  simulation, and 
for  a n  assumed threshold of detectability that is a constant ra t io  of new 
to old data  i r respec t ive  of format. The la t te r  assumption is clear ly  
not t r u e  with regard  to the relative interpretabil i ty of the ba r  histogram, 
the contour his togram and the density ba r  graph formats .  However, the 
comparison does point up the relative sensitivity of a s t r i p  char t  record-  
ing of a moving est imate  of the mean (based on ten data points) to changes 
i n  m e a n  values of the data s t r e a m  as  compared to a his togram format  
(based on 100 data points). 
Given a ten pe r  second sample rate  and a one second display 
-21- 
The usual ar i thmetic  technique employed i n  obtaining the moving 
est imate  of the mean turns  out to be ra ther  wasteful of working com- 
puter s torage when compared to the so -called I'Exponentially-Mapped- 
Past" o r  EMP est imate  ( 8 ) .  
repor t  ( l  l )  and will not be discussed fur ther  here .  
that  the EMP technique requi res  essentially no his tor ical  s torage (pipeline), 
operates  on the last data point only, and may be fed direct ly  into the 
existing time plot display capability of the Saturn V Disp1e.y System ( see  
Section V , Data Process ing  Implications). 
This is  explained in detail  in  a companion 
Suffice it to say  
The bar  his togram format  was ranked above the s t r i p  char t  format  
presentation of raw data values. 
format  o r d e r s  the data into clear ly  defined c l a s s  intervals ,  so  that new 
data falling into previously empty or l i t t le filled intervals  are  easi ly  
perceived. 
plot a r e  difficult to discr iminate  as a resul t  of the i r r egu la r  horizontal 
spacing between successive points and i r r egu la r  ver t ical  spacing between 
ex t reme points. 
This is probably because the his togram 
On the other hand, new extreme values on the s t r i p  char t  
In principle, a well-designed density b a r  graph fo rma t  should have 
a similar advantage as the histogram format  over the s t r i p  char t  plot of 
raw data points. But in  our evaluation it ranked below the raw data plot, 
mainly we think, because of the poor quality of our simulation of a density 
fo rma t  CRT display. 
The quality of our  simulated contour his togram format  display could 
a l so  be cr i t ic ized,  since it might be better descr ibed a s  a skeleton histo- 
g r a m  format .  
displayed, In the absence of a line connecting adjacent points, the histo- 
g r a m  outline was sometimes ambiguous. However, this skeleton contour 
is the only plotting capability of the cur ren t  ACE-5 /C  CRT display system. 
Only the highest point in  each filled c l a s s  interval was 
The s t r i p  char t  format  of  a moving est imate  of the standard deviation 
was judged the wors t  format  for detecting the changes in  mean that we 
simulated.  
to the mean was quite pronounced. 
data s t r e a m s  a base of ten samples  was too smal l  on which to compute 
a s tab le  es t imate  of the standard deviation of the data s t r eam.  
these conditions, the increase  in the est imate  of the standard deviation, 
that  occur red  with a shift in  the mean of the data to a higher value, could 
not be easi ly  detected. 
data s t r e a m  increased ,  with the change to a bimodal distribution (as might 
The variabil i ty in the est imates  p r io r  to t.he disturbances 
This suggests that  fo r  the sirnulated 
Under 
However, when the standard deviation of the 
-22 -  
occur in  pract ice  with the sudden introduction of noise) ,  the plot of the 
moving est imate  of the standard deviation was judged to be bet ter  than 
the plot of the raw data points for detecting the change. 
We were  unable to simulate the fading t r ace  bar  graph format ,  but 
it would s e e m  to combine the good features of the density ba r  graph with 
an indication of the temporal  sequence of the data points. It is a display 
potentiaiiy r ich  in information, drld s21uul6 be a p e w e r f i ~ !  aid te 2;: zngi- 
neer  monitoring data sampled at high ra tes .  
Although limited by the lack of a CRT display, our  simulation of the 
suggested formats  for data monitoring demonstrated the significance of 
display format  design for detecting different types of disturbance. 
enabled us to  evaluate the relative effectiveness of six formats  and to 
identify c r i t i ca l  format  design and data transformation requirements  of 
more  effective prelaunch checkout CRT displ.ays. 
It a l so  
-23 - 
V. DATA PROCESSING IMPLICATIONS 
A. Summary 
The purpose of this section is to determine the data processing 
rcq~iremnntn for the data conditioning and display formatting techniques 
already described, within the environment of the Saturn V DDP 224 
Display System. 
moving t ime plot can already be done on the Saturn V Display System. 
Similarly,  the plotting of an  EMP estimate of the mean requi res  only 
t r iv ia l  amount of storage and instructions beyond that a l ready available. 
It should be noted that the plotting of raw data as a 
We assume the availability of tes t  resu l t s  f rom up to  ten separate  
data s t r e a m s  via "pipeline" storage of up t o  200 sample points. 
estimated memory  required is: 
The 
Data Storage (10 pipelines at 200 points) 2, 900 words 
plus working storage 
P rogram Storage 3, 100 words 
Total  6 ,000  words 
Total  - i f  100-point pipelines a r e  used 4, 800 words 
An effective programming r a t e  of 10 instructions per  day has  been 
allowed(4) plus an additional eight man-weeks for integration with the 
DDP 224 Display System for a n  estimated 70 man-weeks of p rogrammer /  
analy st effort. 
Based upon the cur ren t  s ta tus  of available memory  in the DDP 224 
Display Sy.stem, the incorporation of the high- speed monitoring program 
would requi re  the addition of another module (4, 096 words) of high-speed 
memory .  
In summary  the hardware,  memory, and programming implications 
of incorporating the high-speed monitoring program into the DDP-224 
Display System a r e  estimated as follows: 
-24- 
1 
1 
. Hardware: one additional module (4, 096 words) 
and a function select  switch on the display console 
. Memory Utilized: 6 , 0 0 0  words 
. Programming Effort: 70 man-weeks 
By way of contrast ,  incorporation of EMP estimates of the mean (i. e . ,  
moving average) for  10 var iables  requires  no additional hardware,  less 
than 100 words of storage,  and a few days of programming and debug- 
ging effort. 
B. P r o g r a m  Design Considerations 
1. General  
The High-speed Monitoring Display P rogram (HSMDP) is  de-  
signed to  operate under the control of the existing DDP 224 Display 
System software. The DDP 224 Display System has  two major  functions: 
(1) to  r eac t  to  data and commands which the test engineer en te r s  via 
the display console keyboard and console control deck, and (2) t o  display 
information f rom t e s t  p rograms that a r e  running, o r  have been completed, 
in the RCA llOA. The HSMDP is dependent upon both of these functions. 
It m u s t  have available, in se r ies ,  200 sample readings f rom the equip- 
ment  under test .  The initiation of the test and the r e tu rn  of the tes t  resu l t s  
i s  a "command" function and mus t  be accomplished by the DDP 224 Display 
System, The 200 sample points a r e  s tored in what is r e fe r r ed  to  as  a 
pipeline so  that a s  t e s t  r e su l t s  a r e  brought in, they a r e  moved through 
the pipelipe. When the 201st test resul t  a r r i v e s ,  the 1s t  t e s t  resul t  is  
pushed out. The HSMDP allows a maximum of 10 such pipelines f o r  
operational use. (This  number could, of course,  be expanded a t  the 
expense of 200 words of high- speed storage for  each additional pipeline; 
or, the  pipeline length could be  reduced to  100 sample points and 20 pipe- 
l ines  could be  accommodated with the s torage originally allocated for 10 
pipelines of 200 sample points. ) 
The sampling r a t e  will  be i r re levant  t o  the HSMDP since it 
adopts the philosopfiy of freezing the pipeline at the time a display r e -  
quest  i s  fully validated. 
Sys tem may interrupt  the HSMDP computation for a higher pr ior i ty  display 
and the  data in the original pipeline would change and possibly cause an 
invalid display i f  it were  not frozen. 
This is necessary because the DDP 224 Display 
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The HSMDP, operating under the control of the DDP 224 Display 
System, will utilize the Console Input Analysis Routine and will  accom- 
plish its displays via the Display Output Routine. 
2. Functional P rogram Description 
The High-speed Monitoring Display P r o g r a m  is capable of per form-  
ing all operations on both raw and derivative data. 'l'he first derivative is 
approximated simply by taking the difference between successive samples  
and dividing by At,  then using the resultant data  stream in all computations. 
This option i s  exercisable  on demand and while it i s  being exercised for a 
given display f rom one console, another t e s t  engineer m a y  be using the 
same data in its raw form a t  another console. 
The re  are th ree  basic  types of display formats  which may  be 
accommodated by the HSMDP: 
. Density Bar  Graph 
. Frequency Histogram 
. Scatter Plot 
Up to t en  density bar  graphs (or  his tograms)  may be simultaneously d is -  
played. 
The functional flow for  creating these displays i s  shown in  Figures  7a, b, c. 
The "Function Select" portion is shown mere ly  to  indicate that a switch 
m u s t  b e  allowed to  notify the DDP 224 Display System that the HSMDP is 
desired.  It is  not anticipated that this operation will requi re  additional 
high-speed memory ,  but i t  will require  additional analysis  and test to  insure  
that it has  been properly debugged and is not adversely affecting the other 
functions. 
es t imate  under "Programming Requirements". ) 
the Console Input Analysis Routine of the DDP 224 Display System would 
notify the test engineer a t  the requesting console that the HSM mode has  
been selected and that he will be required to  furnish data and display speci-  
f ications.  
in the HSMDP storage requirement.  Once the mode has  been selected, the 
test engineer continues by depressing the "Execute" control switch. 
(The time est imate  f o r  this has  been included in the integration 
Upon receipt  of the request  
(The memory  required for the status display has  been included 
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Figure 7c. 
Upon receipt of the execute signal the DDP 224 Display System 
relinquishes control (at  the next appropriate t ime interval)  to  the HSMDP 
which has  the responsibility for  requesting, receiving, and analyzing the 
input parameters .  
The first request  i s  t o  determine the nature  of the data to  be used 
in generating the display, i. e . ,  raw or  t ransformed data. 
will  accept f l K r l  o r  '''I''' for  the designation. 
display specifications. 
The program 
The rlext i-eqiiest is for t h ~  
Display specifications m a y  be entered as follows: 
DENSITY BAR GRAPHS::: PIPELINE ##, ##, . 
HISTOGRAMS::: PIPELINE ##, ##  . . INTERVAL (x) 
SCATTER PLOT PIPELINES ##, ##  
The analysis  portion of the HSMDP will validate the request. 
The entire words need not be typed out but that  portion of the word up to  
the first space mus t  be identical to  the spelling l is ted above, e. g., DEN B 
GRAPH o r  D B  G would be valid requests  for Density Bar  Graphs. 
The pipeline number may  be 01, 02 ,  . . . . 10 in the initial v e r -  
sion of the HSMDP. 
showing the source of the sampled data. 
before  t e s t s  to  allow for  sampling of other data s t r eams .  
Each number is associated with an internal table 
The internal  table m a y  be a l te red  
The interval  t o  be counted for the generation of a his togram may  
b e  specified by the t e s t  engineer; however, i f  it is omitted, the program 
wil l  compute an appropriate interval compatible with the range of the 
samples  included in the pipeline and the display a r e a  of the console display. 
The analysis  routine will, af ter  validation of all input parameters ,  
set the appropriate  data condition (raw o r  derivative) in the routine required 
and t r ans fe r  to  that routine for  the remainder  of the display generation. 
Since this  routine will be executed while t e s t s  a r e  in progress ,  it will be 
susceptible to  interruption by the DDP 224 Display System control module 
at any time. Therefore ,  provision is made for freezirig pipeliris z o n t e ~ t s  
W p  t o  10 m a y  be  displayed simultaneously, with individual scaling. 
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at the time the request  is  validated. 
moving the data f rom the affected pipeline to working storage.  
The freezing is accomplished by 
The specific functions performed by each display generation 
routine and the order  i n  which they a r e  performed are specified in the 
flow char t  (F igure  7 ) and a r e  not re i terated here .  
3. High-SDeed Memorv Considerations 
Each sample point will require  one word of DDP 224 high-speed 
Therefore,  the initial allowance of 10 pipelines of 200 memory  storage.  
sample points each requi res  2, 000 words of memory.  
working s torage requirement of two pipelines (400 words) t o  allow for  
t ransformation of the data. 
guarantees  pipeline freezing in  the event that higher pr ior i ty  sys tem 
in te r rupts  prevent the display routine f rom completing its computations 
between sample readings. There  a r e  additional working s torage requi re -  
men t s  for  tables  ( to  associate  the pipeline number to  internal  s torage and 
for  communications tables to communicate with the t e s t  engineer during 
reques t  entry) which are estimated at 500 words for  a total  of 2, 900 words 
of non-program storage requirements.  
sample points, this  requirement would be 1, 700 words.  ) 
There  is a l so  a 
The utilization of working s torage a l so  
(If the pipeline was  l imited to  100 
It is  estimated that the initialization and input analysis routine 
will requi re  600 words of program storage and that each of the 5 routines 
will  requi re  an average of 500 words of program storage for  an estimated 
total  p rogram storage requirement of 3, 100 words. 
4. Programming Reauirements 
Based upon an effective programming r a t e  of 10 instructions per  
day,(4) and an  estimated 3,  100 words of program instructions,  the required 
programming effort is approximately 62 man-weeks for  the HSMDP proper .  
In addition, since this  program must  be integrated with the DDP 224 Display 
System and will  requi re  the communications with the RCA llOA computer 
to f i l l  the pipeline, it i s  estimated that 8 man-weeks will be  required to  
es tabl ish and t e s t  the necessary  controls and modifications to  the overall  
sys t em package. 
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5. Internal Execution Time 
Internal execution t ime is, of course,  a function of the com- 
plexity of the par t icular  display request and the options exercised. If 
we exclude the t ime required for  the tes t  engineer to format  and enter  
his request,  the effective execution t ime for processing of a single pipe- 
line of data and forwarding the coordinates to  the Display Output Routine 
of the D D P  224 Display System is estimated ai iaws i k i i  22O--1?;i1?iscccn=!s 
fo r  raw data and 300 mill iseconds fo r  t ransformed data. The t ime factor 
could be reduced to  approximately 150 mill iseconds and 250 mill iseconds,  
respectively,  for pipelines of 100 sample points a s  opposed to  200 sample 
points. In both cases ,  when multiple pipelines are being processed,  the 
t ime factor should be multiplied by the number of pipelines being pro-  
cessed. 
r a t e  of 260,000 operations per  second. 
These es t imates  a r e  based upon the DDP 224 instruction execution 
4. T 
:$Computer Control Company, Framingham, Mass. DDP 224 General 
Purpose  Digital Computer, April 1964. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 
The work reported in  this  memorandum and in  a separate  com- 
panion study(") have both explored the possibility of severa l  methods 
for  t ransforming and formatting measurement  data, so that an engineer 
will be able to  obtain the information he needs m o s t  readliy. Cur intent 
has  been to  provide formats  for  CRT displays that will  present  m o r e  
aspec ts  of test data than is  possible with the cu r ren t  tabular formats ,  
The companion study(ll) was  concerned pr imar i ly  with formats  t o  
display the maximum information possible about a single measurement  
pa r  am e te r . 
The present  study was  concerned to  develop formats  that  could 
be  used to  display data simultaneously f rom a number of test points 
on a single CRT screen.  
stream at a t ime,  however, and was based on the assumption that the 
interpretabil i ty of the formats  was independent of the number of 
par  am et e r s di  splayed s imult  ane ou sly . 
Our evaluation procedure used only one data 
This  study has  demonstrated that the ease  with which viewers  
of graphically encoded measurement  data can detect a change in  
the mean or  in the distribution of data depends to  a considerable 
degree  on how the data is  transformed and formatted for display. 
W e  found that a Str ip  Chart Format  of a moving est imate  of 
the mean and a Bar  Histogram Format  of a changing s tore  of the 
m o s t  recent  100 data samples  were the bes t  of the six formats ,  that 
we  tes ted,  for  detecting a change in  a simulated data s t ream.  
moving estimate of the mean provides the earliest indication of a 
change to  the mean of the data, although the Histogram Forma t  
gives  m o r e  information about the distribution of the data samples.  
The 
The Contour Histogram, that plots only the "height" of the data 
count in  each measurement  c lass  interval,  i s  m o r e  difficult to  in te r -  
p r e t  than the Bar  Graph Histogram. The outline shape of the Contour 
Histogram is sometimes ambiguous, and consequently, perception 
of a change in  shape can be difficult. 
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The length of the temporary  s tore  o r  "pipeline" of data that is 
used for  the Histogram and Density Bar  Graph Formats ,  the number 
of data samples  upon which moving es t imates  of the mean and stan- 
dard  deviation are  based, and the sca les  on the sca l a r  axes  of all 
the formats  a r e  hactor s that determine display interpretabil i ty in  
relation to the variabil i ty in the measurement  data. 
we recommend that a t e s t  engineer should have the opportunity to  
se t  and to change the above display tormat  factors ,  so thai Le isii 
empirically der ive the bes t  compromise between display stability 
and display sensitivity for h i s  particular streams of data with their  
unique character is t ics .  
Consequently, 
A Density Bar  Graph is potentially an efficient format  for 
monitoring a number of measurement  pa rame te r s  simultaneously 
on a single CRT display. 
should be given a m o r e  thorough evaluation than we were  able to  
provide. 
Density Bar  Graph and a variable brightness o r  fading t r a c e  Bar  
Graph Format .  
W e  would strongly recommend that it 
This evaluation should include both a constant br ightness  
An analysis of the data processing implications of the display 
fo rma t  concepts that we have explored shows that a flexible display 
system, which a t e s t  engineer can use  to  view a selection of data 
f r o m  cr i t ical  t es t  points in different formats ,  can be implemented 
at reasonable cost. 
ming t ime and the addition of 400.0-words of memory  would be  
required to provide the Saturn V D D P  224 System with twenty pipe- 
l ines ,  each capable of storing 100 most  recent  data samples.  
programming required to  provide moving estimates of statist ical  
var iab les  in  Str ip  Chart  Fo rma t s  was  judged to  be negligible. 
Approximately 70 man-weeks of program: 
The 
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